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Available online 5 June 2012AbstractResistance training is an effective way to achieve optimal gains in muscle mass and strength and has also been well documented in
attenuating various forms of skeletal muscle wasting (e.g., sarcopenia). Moreover, it has been demonstrated that with appropriate training, older
adults can reverse strength and muscle mass deficits to younger levels. To attain maximal benefits, careful manipulation of training variables,
such as intensity, volume and frequency, is required. Although training intensity and training volume have been extensively studied, there is only
scarce information available on the adaptive responses to frequency manipulations in older populations. Thus, we compared the effects of short-
term (8 weeks) resistance training programs performed either 2 days/week (n ¼ 15, 7 males, 8 females) or 3 days/week (n ¼ 14, 4 males, 10
females) on muscle mass, upper- and lower-body strength and functional abilities in individuals aged > 60 years. Chest press strength increased
in both the 2 times/week and 3 times/week groups over the 8-week training period by 20.84% and 20.18%, respectively. Lower-body (leg press)
strength also showed improvements in both groups: 22.34% in the 2 times/week group and 28.12% in the 3 times/week group. There was
a slight, but nevertheless significant gain of lean body mass from pre- to post-training (2.4% and 1.9% for the 2 days and 3 days groups,
respectively). However, functional performance remained unchanged in the groups. We found that short-term resistance training 2 times/week or
3 times/week elicited comparable muscle strength and lean body mass adaptations in older adults.
Copyright  2012, The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier (Singapore) Pte Ltd. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Age-related loss of muscle mass and strength affect all
adults throughout their lifespan, resulting in functional decline
and ultimately leading to reduced quality of life. Resistance
training is an effective way to achieve optimal gains in muscle
mass and strength, and has also been well documented in
attenuating various forms of skeletal muscle wasting (e.g.,
sarcopenia).1 Moreover, it has been demonstrated that with
appropriate training, older adults can reverse strength and
muscle mass deficits to younger levels.2,3* Corresponding author. The University of Memphis, Field House 135,
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access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-ndTo attain maximal benefits, careful manipulation of training
variables, such as intensity, volume and frequency, is
required.4 Several studies have indicated that high-intensity
strength training is superior to low- and moderate-intensity
exercise in eliciting adaptations both in young and elderly
populations. In fact, a meta-analysis consisting of 47 investi-
gations has found a significant positive correlation between
resistance exercise intensity and both upper- and lower-body
strength improvements in older adults.5 A subgroup analysis
indicated a mean change of about 5.5% for an incremental
increase of intensity based on the designation of low intensity
(< 60%, one repetition maximum; 1RM), low/moderate
intensity (60e69% 1RM), moderate/high intensity (70e79%
1RM), and high intensity ( 80% 1RM). Moreover, higher
resistance training intensity was also associated with greater
gains in muscle cross-sectional area, with generally highercise Physiology and Fitness. Published by Elsevier (Singapore) Pte Ltd. This is an open
/4.0/).
Table 1
Descriptive and performance data of the participants.
Group Pre-training Post-training
Body weight (kg) 2 d/wk 78.2  17.4 79.4  17.5
3 d/wk 76.3  19.2 76.9  19.2
Height (cm) 2 d/wk 168.3  8.9 168.3  8.9
3 d/wk 165.4  8.1 165.4  8.1
Age (yr) 2 d/wk 65  3 65  3
3 d/wk 63  3 63  3
Chest press 1RM (kg) 2 d/wk 43.1  20.2 51.8  24.7
3 d/wk 40.8  16.9 49.1  20.8
Leg press 1RM (kg) 2 d/wk 158.9  49.6 193  57.7
3 d/wk 157.2  55.6 192.3  62.3
Lean mass (kg) 2 d/wk 51.2  12.8 52.2  12.3
3 d/wk 49  14.1 49.6  13.9
Percent fat (%) 2 d/wk 33.9  7.5 33  7.5
3 d/wk 36.1  5.9 35.6  6.0
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< 60% 1RM for dynamic external resistance training.6
Regarding training volume, it has been demonstrated that
single-set programs are less effective compared to multiple-set
(3e4 sets) sessions, at least in trained, younger individuals.7,8
Although elderly exercisers seem to benefit from a single-set
resistance-training program, higher volume, multiple-set
training improves muscular endurance and strength to
a greater extent during a 20-week, whole-body resistance
exercise program in men and women aged 65e78 years.9 In
fact, only the multiple (three) set group improved in chest
press and leg press muscular endurance. These training regi-
mens produced comparable gains in functional performance.
A recent meta-regression analysis also indicated that higher
training volumes produced significantly larger increases in
lean body mass in older adults.10 Based on the strong, linear
association between training volume and lean body mass, the
authors concluded that single-set programs might not be
sufficient for progressive muscle mass adaptations.
The number of training sessions in a given time period
(frequency) can also determine the accumulation of training
benefits and the recovery from acute exercise stress, especially
in elderly people. Taaffe et al11 showed no difference in
strength and functional improvements in elderly individuals
when comparing three training programs of varying frequency,
such as 1 time/week, 2 times/week or 3 times/week. On the
contrary, torso rotation strength benefited more from higher
frequency training (2 times/week and 3 times/week) compared
to once-weekly sessions.12 Performing one set of each exercise
once weekly has been shown to be equally effective as twice-
weekly training in a group of very old (> 70 years) people.13
Nonetheless, although not significantly different, absolute
strength changes were larger in the higher-frequency group for
most exercises in that study. It is also possible that a low-
volume, low-frequency program may not provide a sufficient
stimulus for younger (< 70 years old), well-functioning
individuals. Considering the growing number of older adults
in our society and the importance of resistance training in
attenuating age-related physiological decline, it remains an
important goal to define the optimal training frequency to offer
appropriate practical solutions for this population.
Therefore, the goal of this study was to compare the effects
of short-term resistance training programs performed either
2 days/week or 3 days/week on muscle mass, upper- and
lower-body strength, and functional abilities in individuals
aged > 60 years. We hypothesized that the higher-frequency
program would lead to larger improvements in these
variables.
MethodsParticipantsWe recruited 29 active male and female individuals, aged >
60 years old, who had not participated in resistance training
for at least 6 months before the start of the study. Participants
were randomly separated into two groups: (1) resistancetraining 2 times/week for 8 weeks (n ¼ 15, 7 males, 8
females); and (2) resistance training 3 times/week for 8 weeks
(n ¼ 14, 4 males, 10 females). Participants’ characteristics are
shown in Table 1.Baseline testing (initial laboratory visit)Prior to participation, each individual was informed of all the
procedures, potential risks, and benefits associated with the
study through both verbal and written communication, in
accordance with the procedures approved by the University of
Memphis Institutional Review Board for Human Subjects
Research. Recruits signed an informed consent form before
being admitted to the study. A detailed health history screening
and, if deemed necessary, a release from the personal physician
was required before any study procedures. Participants with
known musculoskeletal, cardiovascular (e. g., uncontrolled
hypertension), orthopedic, metabolic (e.g., uncontrolled dia-
betes) or other physiological diseases that could cause any
adverse health effects, increase the risk of participation in this
training program, or interfere with the results of the study were
excluded. The participants were also asked not to alter their
normal daily routine, including their regular diets, medications
and prior activity throughout the study.
The initial visit occurred 1 week before the first training
session in the morning. During this visit to the laboratory,
height and body weight were measured without shoes in
workout clothing, using conventional equipment, and body
composition was analyzed using dual energy x-ray absorpti-
ometry (QDR-4500W; Hologic, Bedford, MA, USA). Partic-
ipants then underwent a general warm up of 5 minutes on
a bicycle ergometer (Monark Exercise AB, Vansbroo, Sweden)
and were familiarized with each exercise that constituted the
resistance training program: leg press, shoulder press, lat-
issimus pull down (back), seated chest press, seated leg curl,
bicep curl and abdominal crunches. Familiarization included
completing one or two sets of each exercise with a very light
weight on plate-loaded machines (Hammer Strength, Life
Fitness, Schiller Park, IL, USA), except for the biceps curl,
which was executed with free weights. Abdominal crunches
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external resistance.Functional ability and strength testingThe participants reported to the laboratory 48e96 hours
after the initial visit. First, the participants completed a phys-
ical functioning test assessing balance on an AMTI
(Watertown, MA, USA) force platform interfaced with the
Datapac 2K2 (Runtech, Mission Viejo, CA, USA) analog-to-
digital conversion system. The stability analysis function
was used to plot the displacement of the center of pressure
during the following conditions: one-leg (right) quiet standing
with eyes open; or one-leg (left) quiet standing with eyes open.
Subjects then were asked to rise from a chair upon a “go”
signal, walk 6 m, and return to sit in the chair, timed up-and-go
(TUG) test. The time was assessed using a stopwatch and the
participants were instructed to move as quickly as possible.
Three trials were performed for both tests, including left and
right sides for the balance test in alternating order.
To measure both upper- and lower-body strength, the
participants were tested for the maximum weight they could
lift for no more than 3e5 repetitions (3e5RM), for the leg
press and the chest press exercises. This information was used
to predict the 1RM, using the National Strength and Condi-
tioning Associations guidelines and to calculate the resistance
(75% of 1RM) that was used in the training program. A
general warm-up of 5 minutes cycling on a bicycle ergometer
preceded the test. Before each lift, participants performed
a warm up set of 8e10 repetitions with a light weight. The
weight was progressively increased for the subsequent trials
until no more than 3e5 repetitions could be completed.
Following all initial testing, eligible participants were
randomly separated into one of the two resistance-training
groups. All testing sessions were conducted by Certified
Strength and Conditioning Specialists (CSCS).Resistance training protocolFig. 1. Chest press strength, pre- and post-training in the 2 days/week and 3
days/week groups. * Significant difference between pre- and post-training.Training took place 2 or 3 times a week (w1 hour each
time) for 8 weeks depending on group assignment. The first
session occurred at approximately 1 week after the baseline
testing. Participants first completed a 5-minute general warm
up on a bicycle ergometer and then began each lift with
a warm up of 6e8 repetitions at w50% of the individual’s
calculated maximum. Following the warm-up, the participants
completed three sets of eight repetitions of leg press, leg curl,
chest press, latissimus pulldown, shoulder press, bicep curl
and abdominal crunches in the order listed. The training load
was initially set to allow the participants to complete at least
eight repetitions (w75% of the estimated 1RM) and then
gradually and progressively increased throughout the 8-week
program to allow the successful completion of no more than
eight repetitions during the entire program. A rest period of 2
minutes was allowed between sets. A CSCS supervised each
subject individually during the training sessions, occasionally
using a 1:2 trainer subject ratio.Post-testing protocolPost-testing began 48e72 hours after the final training
session at the conclusion of week 8 for both groups. The post-
test was identical to the pre-test with the exception of the
familiarization period (height and body weight measurement,
dual energy x-ray absorptiometry, functional ability, leg press
and chest press strength assessments).Statistical analysisThe data obtained were analyzed using two-way analysis of
variance (ANOVA) with repeated measures. All analyses were
performed using the statistical software SPSS version 18
(SPSS Inc., Chicago, IL, USA). Statistical significance was set
at p < 0.05 and data are presented as mean  standard
deviation.
Results
Subjects who completed at least 14 (2 days/week) or 21 (3
days/week) training sessions were post-tested and included in
the analyses. One participant from the 3 times/week group did
not complete the study for reason of noncompliance (post
n ¼ 13, 4 males and 9 females). Four subjects dropped out of
the 2 times/week training group (post n ¼ 11, 5 males and 6
females): two due to noncompliance, one to illness unrelated
to the study, one to back discomfort developed during training,
but which resolved without any treatment in approximately 1
week after cessation of resistance training.
There were no significant differences between the 2 times/
week and 3 times/week groups at baseline for the investigated
variables ( p ¼ 0.967, p ¼ 0.837 and p ¼ 0.977 for the chest
press, leg press and lean body mass, respectively). Chest press
strength increased in both the 2 times/week and 3 times/week
Fig. 3. Lean body mass changes in the 2 days/week and 3 days/week groups.
* Significant difference between pre- and post-training.
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20.18%, respectively. Two-way ANOVA showed a significant
time effect ( p ¼ 0.000), however, no significant group effect
was seen (Fig. 1). Leg press strength also showed improve-
ments in both groups: 22.34% in the 2 times/week group and
28.12% in the 3 times/week group (Fig. 2). Group differences
could not be detected, but a significant time effect was shown
by repeated-measures ANOVA ( p ¼ 0.000). There was
a slight, but nevertheless significant gain of lean body mass
from pre- to post-training (2.4% and 1.9% for the 2 times/
week and 3 times/week groups, respectively; p ¼ 0.000)
(Fig. 3). However, balance and TUG test performance
remained unchanged in both groups (data not shown).
Discussion
We found that short-term resistance training 2 or 3 times/
week elicited comparable muscle strength and lean body mass
adaptations in older adults. Both groups demonstrated the
expected increases in force producing capabilities and showed
slight improvements in lean mass. This finding is contrary to
our hypothesis that higher-frequency training would lead to
larger gains in these variables. The available literature is
lacking a clear consensus regarding optimal training frequency
in elderly populations. Our present findings are in agreement
with the study of DeMichele et al,12 which showed that
training 2 and 3 days/week resulted in similar adaptations in
torso strength. However, 2 and 3 days/week programs were
superior to once-weekly sessions in this investigation. By
contrast, resistance training once weekly led to similar benefits
when compared to higher-frequency programs in other
studies.11,13 Nonetheless, 2 or 3 times/week frequency also led
to comparable adaptations in these investigations. It appears
that there is a training frequency threshold, above which noFig. 2. Leg press strength pre- and post-training in the 2 days/week and 3 days/
week groups. * Significant difference between pre- and post-training.further gains can be expected. This threshold probably depends
on the age and initial strength and functional level of the
participant pool. The programs demonstrating equal gains with
once-weekly resistance training had older participants (> 70
years of age) and even community-dwelling individuals.11 We
did not have a group that trained only once weekly in our
current investigation, but because our program included active,
well-functioning individuals under the age of 70 years (no
subject in our study was above this age), the training frequency
of 2 times/week can be recommended as a time-efficient
strategy to elicit optimal adaptations in this age group.
However, resistance-training frequency should be considered
in conjunction with training volume, because the latter can
determine the recovery needed after an acute exercise bout,
which may be a paramount concern in older muscle adapta-
tions.14,15 Higher-frequency, higher-volume (multiple-set)
exercise programs can potentially lead to overtraining, overuse
injury, and cessation of training over several months or years.
Although strength improvements were at an expected level,
lean body mass showed only a slight increase. The degree of
change in lean body mass is not surprising considering the
short duration (8 weeks) of our program. It is generally
believed that initial strength gains are due primarily to neural
adaptations, whereas significant muscle hypertrophy is ex-
pected with long-term resistance training.16 This notion may
even be more applicable to older individuals whose hyper-
trophic adaptations are compromised compared to young
adults.17,18 Furthermore, Degens19 has concluded that strength
and lean mass increase at a disproportionate rate in elderly
people. Nevertheless, older adults are capable of increasing
muscle mass and counteracting sarcopenia with resistance
training, but they may require longer (>12e16 weeks)
training. In fact, a 22-week resistance training program, using
similar exercises and involving participants of similar age to
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mass deficits can be reversed to younger levels.2 In addition,
improved muscle architecture and tendon stiffness in this
population provides further benefit.20
We could not detect significant changes in functional
abilities, as measured by balance and TUG test performance in
the present study. It is feasible that in well-functioning, active
individuals with normal baseline levels, muscle strength
increase does not directly translate to functional improvements
and specific functional (e.g., balance) training is required.
Moreover, the tests used in our study are generally used in
frail, diseased populations and may not have been sensitive
enough to detect any significant enhancement in functional
abilities in our participants. It is worth noting that participants
in our program provided positive feedback regarding the effect
of resistance training on their everyday life and well being,
reporting a beneficial impact on their daily activities.
In summary, we demonstrated that 2 or 3 times/week
resistance training led to comparable physiological adapta-
tions in the short term, thus, it appears that there is a training
frequency threshold, above which no further gains can be
expected in people aged > 60 years. Although our training
program was short in duration (8 weeks), similar results have
been reported with a longer-term (24 weeks) program.11 These
results offer relevant practical solutions considering the
importance of resistance training in counteracting age-related
sarcopenia and force deficit. Describing the optimal and
minimal training frequency, resulting in equal physiological
benefits with less effort and time involvement would
encourage older adults to participate in these activities.
Adequate recovery from acute exercise stress (rest days
between sessions) may also be more important in people aged
> 60 years.14 It is well established that high-intensity training
elicits larger adaptive responses both in young and elderly
populations. However, future research should consider the
interaction of training volume and training frequency to
describe optimal exercise stimulus without undue stress and
potential overuse injuries and overtraining, which may be
more prevalent in older weight lifters. Moreover, training
frequency, accumulated training stress and recovery, should be
studied with longer-term programs (at least 16e20 weeks),
with exercise adherence monitored to offer practical exercise
prescriptions for older individuals, taking into account each
training variable.
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